Background: Colon capsule endoscopy is a promising technique for evaluation of the colon, but its reproducibility is still unknown.
. Inter-observer agreement on polyp detection is moderate among experts. . Beginners are moderately in agreement with experts on polyp detection. . Agreement on bowel cleansing quality is poor among all readers.
Introduction
In recent years colon capsule endoscopy (CCE) has emerged as a promising diagnostic technique to assess the colonic and rectal mucosa, for example as a possible filter test in colorectal cancer screening. [1] [2] [3] Most studies on CCE have focused on its accuracy in comparison to the gold standard colonoscopy and on bowel preparation regimens. [1] [2] [3] [4] [5] [6] [7] [8] These studies indicate that the accuracy of polyp detection in CCE is comparable to that of colonoscopy. In a recent clinical trial comparing the accuracy of CCE to colonoscopy 53 participants (21%) underwent a second colonoscopy to investigate 'false positive' polyps in CCE. In 85% of these participants new polyps were detected. 9 A total of 82 polyps was detected, of which 24 were 10 mm or greater, which suggests that the accuracy of polyp detection in CCE might be higher than in colonoscopy.
The guideline on CCE by the European Society of Gastrointestinal Endoscopy (ESGE) recommends a colonoscopy, if polyps sized 6 mm or greater or three or more polyps regardless of size are detected. 10 The quality and reproducibility of CCE evaluations has not previously been assessed and the learning curve for CCE readers after formal training is as yet unknown. Leighton and Rex have proposed a grading scale for cleanliness in CCE assessing five segments, on either a four-point scale based on the amount of faecal matter or a two-point scale based on the amount of bubbles that interfere with a reliable assessment of the mucosa. 11 These scales have not been validated or compared to the polyp detection rate, as the Boston bowel preparation scale (BBPS) has been for colonoscopy. 12, 13 The primary objective of this study was to determine intra and inter-observer agreement among experts and beginners on 'indication for colonoscopy', based on the number and size of polyps, and bowel cleansing quality. Secondary outcomes were the intra and inter-observer agreement between experts and beginners on the prevalence of polyps sized 10 mm or greater, the total number of polyps and quality of bowel cleansing.
Materials and methods

Study design
This study was conducted as an intra and inter-observer study in 42 complete CCE investigations with varying levels of bowel cleansing quality according to the primary assessment. Inter-observer agreement was assessed among three experts and two medical doctors with formal training but no previous experience with CCE evaluations ('beginners') between November 2016 and March 2017. Intra-observer agreement was determined in two experts and two beginners who evaluated all videos twice. All 84 videos were presented in an anonymised and random order, in order to prevent the identification of identical videos.
Study population
CCE videos were selected from a total of 136 completed CCE videos recorded in screening participants with a positive faecal occult blood test who participated in a clinical trial. 9 Thirty-two videos with good or fair cleansing and 10 videos with poor or unacceptable cleansing in the primary evaluation were selected by a research nurse who duplicated and renamed all 84 videos in a random order with identical videos at least 20 videos apart.
CCE readers
The two 'experts' are internationally recognised for their experience in CCE (CS and IFU). Both had reviewed over 1500 CCE videos and performed over 10,000 colonoscopies prior to their participation in this study. Both use the BBPS to assess cleansing in optical colonoscopy, but were unable to disclose their adenoma detection rate as yet.
Data from the primary evaluation in the clinical trial, performed by a commercial company (Corporate Health, Hamburg, Germany) were used as a third expert assessment. At this company a nurse reviewed the entire video and selected areas of interest. These were subsequently evaluated by a gastroenterologist who decided on the final findings. The nurses and gastroenterologists had at least 2 years of experience with CCE. They were unaware of this inter-observer study during their evaluations and were only informed afterwards.
The two beginners were medical doctors (RK and MMB) with no previous experience with CCE who completed the e-course by Given Imaging, before evaluating the CCE videos.
14 One had previous colonoscopy experience with over 2000 colonoscopies performed and knowledge of the BBPS, and the other did not.
Data collection
Evaluation of the videos was performed with Rapid Reader Software (Medtronic, USA) in which images of both video heads of the capsule are displayed with time stamps corresponding to the time since the ingestion of the CCE capsule.
In each video the reviewer recorded: the first caecal image, the last rectal image and the last passage through both the hepatic and splenic flexure; the quality of cleansing in right, transverse, left and total colon as good, fair, poor or unacceptable; the number of detected polyps and the time in minutes spent on the evaluation. Details of each polyp were recorded: the time stamp on the first image of the polyp; which of the two video heads detected the polyp; the size in mm measured with the software's polyp size estimation tool, and polyp morphology as flat, sessile, pedunculated, large mass, or unknown. The 'indication for a colonoscopy' was defined as either three or more polyps, polyps of 10 mm or greater and/or unacceptable bowel cleansing. Data from the database are available from the corresponding author upon reasonable request.
Statistics
Sample size calculation was based on an intraclass correlation coefficient (ICC) of 0.85 (95% confidence interval (CI) 0.75-0.95) and indicated a minimum number of 31 videos if reviewed by two independent observers. A total of 42 videos was included, 32 with good or fair bowel cleansing and 10 with poor or unacceptable bowel cleansing in the primary assessment.
The number and maximum size of polyps were described as mean and standard deviations. All videos were classified based on the largest detected polyp, as no polyps, small polyps ( 9 mm) and large polyps (!10 mm). Intra and inter-observer agreement were analysed with Cohen's J for binary values and ICC for both binary and numerical variables. ICC estimates and their 95% CIs were based on an absolute agreement, two-way mixed-effects model. ICC values of less than 0.5 are considered of poor reliability, between 0.5 and 0.75 as moderate, between 0.75 and 0.9 as good and over 0.9 as excellent reliability. 15 All calculations were performed using Stata IC 15.0.
Results
The results of the primary round of evaluations of all 42 videos and the inter-observer agreement among experts and beginners are presented in Tables 1 and 2 . Inter-observer agreement on 'indication for colonoscopy' was poor among the three experts, two beginners, and all five readers together. Inter-observer agreement on which videos contained large polyps and the number of detected polyps was moderate among both experts and all five readers. Agreement on the classification of bowel cleansing quality was moderate between beginners, and poor among experts and all five readers. A subanalysis on agreement on 'indication for colonoscopy' based only on the size and number of polyps did not improve agreement among the readers.
Intra-observer agreement was determined by evaluating the double reading of the videos and is presented in Table 3 . Experts had a higher intra-observer agreement for 'indication for colonoscopy', detection of large polyps and the number of detected polyps than beginners. For both experts agreement on the number of polyps was excellent, as was the detection of large polyps in expert 1. Agreement on quality of bowel cleansing in experts was moderate and poor, similar to the beginners.
Discussion
Agreement on the calculated variable 'indication for colonoscopy' in this study was poor in both experts and beginners. A subanalysis that excluded bowel cleansing quality did not improve agreement on 'indication for colonoscopy', therefore disagreement on bowel cleansing quality is not the only factor that influences inter-observer agreement. Nonetheless, intraobserver agreement in expert 1 increased from moderate to excellent on the exclusion of bowel cleansing quality in this subanalysis (data not displayed).
Beginners had a lower intra and inter-observer agreement for the detection of large polyps and the total number of polyps, which shows that having experience with evaluating CCE investigations is likely to influence the number of detected polyps and their size measurement.
The excellent agreement on the detection of large polyps and the number of polyps by experts suggests that experience contributes to the consistent detection and measuring of polyps within one reader. The lower intra-observer agreement on bowel cleansing quality indicates that experience does not necessarily contribute to a reproducible evaluation of bowel cleansing quality.
Bowel cleansing quality assessments need to be improved in order to increase the reproducibility and thereby reliability of CCE evaluations. Bowel cleansing quality is a more subjective assessment than detection and measuring of polyps and might become more consistent with training. Prior studies show that clearly defined guidelines and a short training increased the inter-observer agreement on bowel cleansing quality in colonoscopy. 12 In the current CCE e-course 14 evaluation of bowel cleansing quality plays a minor role. A specific training on how to assess bowel cleansing quality might therefore contribute to a more consistent evaluation of cleanliness. In order to develop this training, consensus is needed on how to classify unacceptable bowel cleansing in CCE. A possibility would be to use the Leighton-Rex scale, nonetheless there are limitations to the use of this scale. 11 The Leighton-Rex scale has not been validated yet, assesses cleansing in five bowel segments that are not always easy to recognise in CCE, and provides no instructions on how to classify cleanliness of the whole video.
There are several limitations to the methods of this study. First, the relatively low number of paired videos could lead to both over and underestimation of agreement. It might also lead to enhanced intra-observer agreement due to observer recollection of a previously evaluated identical video. Second, this study only focusses on CCE evaluations, thereby not assessing variability between two separate CCE examinations in the same subject, which might have a poorer interobserver agreement. Third, we only provided the observers with the choice of four different bowel classes without concrete guidelines specifying how to assess bowel cleansing, thus possibly causing some interobserver variation. Fourth, we used a different classification for referral for a colonoscopy to the ESGE guidelines, instead of a 6 mm limit we used a 10 mm limit in this study. A difficulty of this study is the lack of gold standards for CCE evaluations. It would make sense to use colonoscopy as the gold standard. However, inconsistencies between the CCE evaluations and colonoscopies might also be due to differences other than intra and inter-observer variability. Colonoscopy has been known to miss up to 24% of all polyps, whereas CCE might detect the same polyp multiple times due to the peristaltic movement of the capsule in the colon. 16, 17 Polyp size measurement in colonoscopy has been known to vary significantly between optical estimation and pathology measurements, [18] [19] [20] whereas the quality of polyp size estimation in CCE is still unknown. These differences might lead to an under or overestimation of the variability, therefore we chose to assess the consistency of CCE evaluations by and within observers without taking a gold standard into account.
The intra and inter-observer agreement on the number of detected polyps has not yet been studied in colonoscopy. Consequently, we cannot compare the repeatability of CCE evaluations with that of colonoscopies. However, the intra and inter-observer agreement for polyp detection among experts is very high in this study, which indicates a high repeatability for CCE evaluations.
One study on inter-observer variation in polyp size has been published, presenting an ICC of visual estimation of 0.84 (95% CI 0.78-0.90) in experts and 0.69 (95% CI 0.60-0.79) in beginners. 21 The inter-observer agreement in both beginners and experts is quite similar compared to our study; however, the number of observers is 40 and therefore not directly relatable to our study.
Future studies on CCE should focus on analysing the reliability of polyp size estimation and generating a higher agreement on bowel cleansing quality. The current polyp size estimation tool is likely to underestimate polyps that are far away and overestimate polyp size for polyps that are close to the camera. The quality of the size estimation might accordingly be poor despite the very good inter-observer agreement. Moreover, it is currently unknown how the polyp sizes in CCE correspond to polyp sizes in colonoscopy and pathology. The pathological polyp size could be used as a standard for polyp sizes in CCE.
A possibility in assessing bowel cleansing quality is the development of an objective evaluation of bowel cleansing quality, for example computerised analysis of the images. Additional training for assessing cleanliness or clearer guidelines on how to assess bowel cleansing quality might also improve inter-observer agreement.
Conclusion
This study shows a poor agreement on 'indication for a following colonoscopy' among all observers. The intra and inter-observer agreement on the detection of large polyps and the number of polyps in CCE is high among experts, but not significantly higher than among doctors with formal training only. Evaluation of bowel cleansing is a more subjective assessment, with lower intra and inter-observer agreement in experts and beginners. Bowel cleansing assessment and polyp size estimations influence the indication for a following colonoscopy greatly. Consequently, future research should focus on investigating the quality of polyp size estimations and improving assessments of bowel cleansing quality in CCE in order to increase the reproducibility of CCE investigations.
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